Agroforestry areas have a significant and recognized productive, socio -economic, environmental and landscape role. An important ecological function performed by these areas is the net absorption of considerable quantities of atmospheric carbon dioxide. The scientific knowledge of the CO2 assimilation capacity of agroforestry ecosystems in a territory, is a useful and innovative means to support territorial planning. In the interests of environmental sustainability, emissions from human activities carried out in a specific local context, must be adapted by the simultaneous capacity of CO2 sequestration. For the protection of environmental quality, the choice of land use should therefore optimize the circuit of interaction between emissions and absorption. This work takes into account the agroforestry areas of the Province of Bari to estimate the potential capacity to absorb CO2 and compare it, with the current emission levels.
Introduction
During the twentieth century there has been an increase of the average global temperature of about 0.75°C (Hansen, 2000; Hansen, 2001; Hansen, 2005) .
The main cause of this phenomenon, as stated in much of the scientific community, is the progressive increase in atmospheric concentration of climate-altering gases (or greenhouse gases), that absorb and radiate in all directions the infrared radiation emitted by the earth.
The main source of greenhouse gases and natural gases are carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and halogenated compounds (CFCs, HCFCs). On a global basis, CO2, CH4 and N2O emissions contribute respectively 60%, 15% and 5% of the anthropogenic greenhouse effect (Rodhe, 1990) and therefore on global warming.
The increase in CO2 in the atmosphere (Reth, 2005) caused by human activity (Koch, 2000) and by the use of fossil fuels (Roulet, 2000; Sims, 2001 ) has a major role in global warming. Since the beginning of the industrial era, to the present, atmospheric concentration of carbon dioxide, has in fact increased from 280 parts per million by volume (ppmv) to about 375 ppmv (Marland, 2005) and, according to most reliable estimates, they could reach values of 540-970 ppmv during the twenty-first century (Pettenella, 2006) . In addition, other greenhouse gases have increased their atmospheric concentrations, and to quantify their contribution to global warming, the Global Warming Potential (GWP) has been introduced. The GWP is the ratio between the heating induced by generic gas emissions, and that induced by the same amount of carbon dioxide over a period of 100 years. GWP values, calculated by the Intergovernmental Panel on Climate Change (IPCC) (2000) , are used as conversion factors, for all greenhouse gas emissions in CO2 equivalent (Table 1) .
Global warming has a significant impact on rainfall patterns, on the spread of pests and pathogens, on the change in the distribution of species and habitats, and on raising sea levels (Parmesan, 1996; Edwards, 2004; Thuiller, 2005) . Therefore, it is necessary to counteract the causes of climate change, through mitigation and compensation of greenhouse gas emissions, to protect ecosystems and the health of present and future generations. For this purpose, the Kyoto Protocol was signed in 1997 by more than 160 countries and entered into force in 2005, setting compulsory targets of greenhouse gas emission over the period 2008 to 2012. To achieve these targets, the Kyoto Protocol has set out a number of measures for the prevention and reduction of greenhouse gas emissions. These objectives can be achieved by improving energy efficiency, renewable energy and the diffusion of advanced technologies for reduction of polluting emissions from industry.
The Kyoto Protocol provides, among other measures, to use the potentiality of the agro forestry sector to absorb carbon dioxide through the use of carbon sink for the reduction of the net national balance emissions of greenhouse gases. In this context, agroforestry activities are affected by climate change and simultaneously contribute to the increase or absorption of gas emission (Pettenella, 2006) .
The management of agroforestry activities can then take action on two fronts: reducing emissions of greenhouse gases (CO2, CH4, N2O) and absorption of CO2. According to a European Environment Agency report, in 2002 agriculture contributed up to 10.1% of total emissions of greenhouse gases in the European Union (EEA, 2005) and this data is confirmed on a national scale (Gaudioso, 2004) .
The main greenhouse gases produced by agriculture, are nitrous oxide and methane. Methane emissions are related to animal husbandry and rice cultivation, while emissions of nitrogen oxides result from nitrogen fertilization and manure. Besides, agriculture consumes fossil fuels for various productive operations (manufacturing, irrigation, treatments, etc.) producing CO2 emissions. At the same time, the agroforestry territory, has a positive role in terms of carbon fixation in the soil, crop, tree and forest biomass (Houghton, 2003; Ciccarese, 2005) . The potential of carbon sequestration through the management of plant resources was estimated in a range between 60 and 87 Gt of carbon for a period of 50 years, equivalent to 7-15% of average emissions of fossil fuels for the period 2000 -2050 (IPCC, 2000 Houghton, 2003) . Agriculture and forestry has therefore an important role in climate change mitigation for their contribution to atmospheric carbon fixation. The forest ecosystems' function in carbon storage is known and recognized while the agroecosystem one, although not insignificant, is still poorly investigated and considered. Recent studies show that even crops help atmospheric CO2 absorb (Tortora, 2006; Gramegna, 2008) by acting as carbon sinks. The production and ecological functions of agriculture play a significative role in the reduction of carbon dioxide concentration in the atmosphere and, consequently, in the mitigation of climate change (Pettenella, 2006) . Even intensified agroecosystems can act as a carbon sink despite the high direct and indirect energy inputs required for cultivation (Chang, 2011) . The amount of carbon sequestered by the different vegetation formations is related to agricultural practices, crop residue management (Gramegna, 2008) , climatic features (Marland, 2001) , method of irrigation and amount of biomass. In the literature there are numerous estimates and measures of the potential carbon fixation of most representative Italian agroforestry systems. The objective of this study was to evaluate the real potentiality of agroforestry areas in the Province of Bari in carbon dioxide absorption in order to develop an eco-balance of CO2 fluxes, on a regional scale. Thus, we have verified the Daly's principle of sustainability stating that gas emission rates, shall not exceed the assimilative capacity of natural ecosystems. The approaches used in literature to estimate the maximum emissions that a territory may absorb are based on the ratio of ventilation and dispersion models (Goyal, 2007) . In this study, the verification of CO2 absorption capacity by agro forestry areas within the territory of the Province of Bari, has been conducted through the application of a methodological procedure. The knowledge of carbon dioxide absorption potentiality on a regional scale may provide useful support in the land planning process, that must take into account the environmental sustainability of land-use choices (Candura, 2009 ).
Materials and methods
In this work the evaluation of carbon dioxide atmospheric emissions and the verification of the agroforestry ecosystems absorption capacity in the area of study has been conducted through the stages of analysis and data processing described below.
Evaluation of the emission
In the first phase were analyzed and quantified anthropogenic and natural emissions of carbon dioxide broken down in 2005 by socio-economic macro-sectors of activity through consulting the National Inventory of Air Emissions. The National Inventory of Air Emissionsis the most comprehensive, consistent and transparent source of information on emissions at regional and provincial levels. The inventory database is based on the INEMAR (Inventory Emissions to Air) and collects the emissions broken down by activity, territorial unit and type of air pollutant (ANPA, 2001) . Punctual and diffuse emissions are estimated using the CORINAIR methodology (Coordination Information Air) based on data measured at the plants and the emission factors proposed in the literature.
Assessment of agroforestry ecosystems absorption
In the second phase, the data on net carbon dioxide exchange by different plant species were identified and extracted from the bibliographic sources of sector (Gramegna, 2008; Matteucci, 2007; Spano, 2007; Ventura, 2007; Ceotto, 2006; Anthoni, 2004; Berretti, 2007) . Forest ecosystems and agroecosystems play a known and recognized role in the national balance reduction of emissions of carbon dioxide and in the literature there are numerous studies aimed at evaluating the level of net ecosystem exchange of CO2. The net ecosystem exchange of CO2 [Net Ecosystem Exchange (NEE)] represents the difference between the carbon dioxide absorbed Gross Primary Production (GPP) and the carbon dioxide emitted through autotrophic (RA) and heterotrophic (RE) respiration processes. The global carbon balance depends on the absorbed photosynthetically active radiation, on the atmospheric CO2 concentrations, on the air temperature, on the pressure deficit steam, on the amount of soil nitrogen available to plants and on the LAI (Leaf Area Index). The literature absorption values of CO2 that different plant species are able to remove from the atmosphere (Table 2 and Figure 1 ) determined by using the eddy covariance technique in climate and agro-environmental contexts similar to those that characterize the study area, were used in this work.
The eddy covariance is a micrometeorological technique based on the turbulent transfer that allows to analyze direct and continuous net CO2 exchanges between vegetation and atmosphere over vast areas, homogeneous in terms of vegetation.
The net carbon dioxide absorption of temperate forests was estimated at the average value of 14.6 tCO2 ha -1 y -1 (Matteucci, 2007) Sardegna Region measured using the same technique was equal to 2.4 tCO2 ha -1 y -1 (Spano, 2007) even if it is strongly related to a highly variable composition (Costa, 2005) . The fruit tree crops have a net absorption of CO2 between 3 and 8 tCO2 ha -1 y -1 or between 10 and 30 tCO2 ha -1 y -1 . The net carbon dioxide absorption in an olive grove located in the Puglia Region was determined by the eddy covariance technique equal to 21.8 tCO2 ha -1 y -1 (Gramegna, 2008) . The olive trees are characterized by high photosynthetic activity throughout the year and consequently they have a high potential for carbon fixation. The vineyards are able to sequestrate about 6 tC ha -1 y -1 (Ventura, 2007) amounted to 21.96 tCO2 ha -1 y -1 . These values were estimated on the measurements made with the eddy covariance technique in a vineyard in the Toscana Region concerning an average growing season of 150 days (Ventura, 2007) . The eddy covariance technique has also been used to monitor the flow of CO2 in a meadow -pasture of the Trentino Region. The vegetable fields, characterized by different annual harvests and marked by a low net sequestration of carbon, are still weakly studied. For example, the wheat crops are characterized by a net ecosystem exchange between 245 and 185 gC m -2 y -1 (Anthoni, 2004 ) of approximately 7.9 tCO2 ha -1 y -1 . The annual amount of carbon that can be sequestered in non-cultivated soil varies from 50 kgC ha -1 to 1000 kgC ha -1 (Ceotto, 2006) in relation to carbon immobilized in soil. The non-cultivated soil is therefore characterized by a net absorption of CO2 average of 1.9 tCO2 ha -1 y -1 . In order to estimate the absorption of CO2 in the local context chosen as the study area, the literature values of the potential carbon fixation of the main forestry and agroecosystems have been associated with land use classes of the CORINE Land Cover 2000 ( (Figure 2 ) characterized by the presence of multiple sources of emission and having a land area of 513,019 ha and an agro-forest area of 374,159 ha. The potentiality of agroforestry areas in the Province of Bari in carbon dioxide uptake was determined by multiplying the values of absorption attributed to each class of land use for the related surface. This processing was carried out assuming constant values of climatic parameters for the values of temperature, humidity and wind. Finally, an ecological balance was made between the emissions and those absorbed by the agricultural and forest ecosystems.
Results and discussion
In the province of Bari we verified the balance between CO2 emitted by human activities and potentially absorbable by agroforestry areas through identifying the amount of CO2 emissions, evaluating the theoretical potential of absorption of the agroforestry systems, and finally decreasing the amount of the latter value of CO2 equivalent emitted from agroforestry activities.
Emissions of CO 2 in the atmosphere in the Province of Bari
In 2005 the amount of carbon dioxide produced by the multiple emissive sources in the Province of Bari was 5,294,231.5 t (INEMAR). CO2 emissions in the atmosphere are produced in varying degrees by each socio-economic macro-sector according to the amounts reported in Table 3. CO 2 uptake in agroforestry areas of the Province of Bari GIS-based cartographic processing has allowed to determine the land area occupied by different classes of land use in the province of Bari assessing, on a regional scale, the CO2 absorption potential capacity of agroforestry areas of the Province of Bari, which turns out to be a total of 6,014,617.619 tCO2/year (Table 4) .
The land use classes contribute differently to the CO2 absorption in the studied local context because of their extent and the absorption potential capacity that characterize the relative plant species ( Figure  3) . Olive groves and vineyards in the Province of Bari give a significant contribution to the establishment of carbon dioxide equivalent to 60% of the global absorption capacity of the entire agroforestry surface.
Greenhouse gases produced by agroforestry activities
Agroforestry areas have a positive role on the net balance of carbon dioxide in the Province of Bari, even if they emit other greenhouse gas contaminants into the atmosphere. Emissions of greenhouse gases directly related to agricultural activities are those related to the release of nitrous oxide (N2O) during the process of nitrification and denitrification as a result of fertilization and the methane production resulting from enteric fermentation in ruminants. In the study area, the agricultural activity produced in 2005 the emission of 1443.1 t of nitrous oxide and of 6571.8 t of methane (INEMAR). These emissions can be converted into CO2 equivalent through the use of the GWP values calculated by the Intergovernmental IPCC (Table 5 ). In the Province of Bari the balance between emitted CO2 and absorbable CO2 is in favor of the latter also thanks to the high amount of arable land used for tree crops. In 2005, in the Province of Bari 5,294,231.5 tCO2 have been released into the atmosphere against a potential absorption of 7,109,113.7 tCO2/year by agroforestry systems.
Article
Agroforestry areas can potentially give away 1,814,882.2 tCO2/year to the atmosphere, more than the carbon dioxide emissions in 2005 found in the National Emission Inventory. However, the agricultural and zootechnical activities in the Province of Bari cause the emission into the atmosphere of 585,382.1 tonnes of CO2 equivalent. These emissions reduce the role of agroforestry areas in absorbing carbon dioxide and mitigate climate change. The remaining potential capacity of carbon dioxide absorption of agroforestry areas of the Province of Bari is 1,229,500 tCO2/year.
Conclusions
The knowledge of the CO2 assimilation potential capacity, on a territorial scale, by agro ecosystems can be a valuable tool for determining the emission limits, in a specific geographical area, useful to regulate the establishment and operation of production activities. At the same time, this knowledge can allow to regulate the cultivation transformations in relation to the relationship between types of UAA (utilized agricultural area) and quantity of emissions/absorptions.
The geographical distribution of CO2 absorbing areas also provides useful information to guide farmers towards forms of production to lower emission of greenhouse gases and subject to environmental protection forms the in areas of higher absorption. It is clear that rural areas can not be related to a single municipality or to the territory of one province. However, it is relevant to summarize the environmental performance of administrative areas also through the values, parameters and indicators related to the specific balance of emissions/ removals. 
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